Owing to lack of time translational invariance, aging soft glassy materials do not obey fundamental principles of linear viscoelasticity. We show that by transforming the linear viscoelastic framework from the real time domain to the effective time domain, wherein the material clock is readjusted to account for evolution of relaxation time, the soft glassy materials obey effective time translational invariance. Consequently, we demonstrate successful validation of principles of linear viscoelasticity (Boltzmann superposition principle and convolution relation for creep compliance and stress relaxation modulus) for different types of soft glassy materials in the effective time domain.
Knowledge of rheological constitutive equation that relates stress to strain and its time derivatives is essential to understand the flow behavior of any material. Important class of constitutive equations pertains to equilibrium soft materials that usually follow fundamental symmetry laws of nature such as time translational invariance (TTI). In constitutive equations that follow TTI replacement of time variable t by t a  , where a is a real number, does not change the nature of the constitutive equation. 1 Glassy soft materials such as concentrated emulsions and suspensions, pastes, colloidal gels, foam etc., on the other hand, are out of thermodynamic equilibrium and do not follow TTI. 2 Their natural tendency to explore the phase space leads to slow reorganization of microstructure as a function of time, the process typically known as physical aging. Application of deformation field slows down the reorganization or breaks the structure thereby demonstrating yield stress 3 and thixotropy. 4 Consequently glassy soft materials do not obey the fundamental principles of linear viscoelasticity including Boltzmann superposition principle (BSP). 5 Owing to vast academic interest and industrial applications this class of materials has attracted significant attention of the scientific community over the past decade. [6] [7] [8] [9] However inapplicability of fundamental laws of viscoelasticity along with yielding behavior and thixotropy limit the analyzability and optimal applicability of these materials. Recently Joshi and coworkers [10] [11] [12] showed that fundamental laws of linear viscoelasticity such as 
. 13 This relation is frequently used in the rheology literature as it gives complete information about the rheological behavior of a material with the knowledge of any response function.
In the aging glassy materials, on the other hand, owing to time dependent physical properties, TTI is not applicable. 5 Compliance and relaxation modulus, therefore, show additional dependence on the time at which deformation field was applied:
Consequently neither BSP, nor the convolution relation is applicable to the aging glassy materials. 15 The second system is commercially procured acrylic emulsion paint (solid content 48% ± 0.03% w/w, Kansai Nerolac Paints Limited, Mumbai) is a concentrated emulsion with water as a continuous phase, and is used as it is. Owing to high concentration, acrylic drops acquire nonspherical structure. Aging in such system involves evolution of structure to lower the interfacial surface area as a function of time. 16 The third system used in this work is polymer -clay nanocomposite composed of epoxy polymer blended with cloisite 10A ® . Cloisite 10A is obtained by organically modifying bentonite clay with benzyl (hydrogenated tallow alkyl) dimethyl group to render it affinity with epoxy. In a shear melting process, sheet-like clay particles of Cloisite get oriented in the gradient direction. Physical aging in polymer clay nanocomposite involves disorientation dynamics (randomization) of clay plates subsequent to shear melting. 17 The nanocomposite was prepared by blending Epoxy LY 556 (Dow chemicals) with Cloisite 10A (Southern clay products) using mechanical stirrer for 10 min followed by 4 h of sonication.
The rheological experiments were conducted using stress controlled 
In equation (2) 
Although the mathematical form of this expression is identical to the conventional form, equation (3) is applicable for aging glassy materials only in the effective time domain. Equation (3) is a Volterra integral of first kind, where information of either of J or G can be used to get the other. However obtaining solution of this kind of integral using either by Laplace transform or by algebraic method is an ill posed problem as small noise in J or G data propagates and leads to large errors in computation. 21, 22 We adopt a numerical scheme suggested by Zhu et al., 21 wherein equation (3) (2) as:
where the term in braces is the abscissa of figures 2 and 3. The corresponding predictions of the creep compliance and the stress relaxation modulus is plotted in the real time domain for Laponite suspension in figure 1, while that of for emulsion and nanocomposite in figures S1 and S2. It can be seen that equation (4) leads to an excellent prediction of the experimental data.
Presently various theoretical approaches are available in the literature to model flow behavior of glassy soft materials. There are empirical 'toy' models that convey the qualitative physical behavior but are far from rigorous, and have limitation to be used as constitutive relation. 23 The other approaches such as mesoscopic soft glassy rheology model 5 It is important to note that this is the first report wherein any response function is estimated from the other for any kind of time dependent materials in general and for any glassy material in particular. We feel that this is an extraordinary result which confirms usefulness of linear viscoelastic principles and opens up new frontiers of modeling approaches for soft glassy materials. 
